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Outline of talk ) i,

A Motivation: Improvingdissipationdelay efficiencyn SCE
A Appears limited in existing SCE logic families (as well as in CMOS)
A Can we find a new SCE logic style that may give a path forward?

A Approach: Reversible computing without clocking overhead?
A Adiabatic SCE logic families have dissipatiof/dg(transition time)
A Typical irclassicahdiabatic processese.g.resistance, friction, viscosity
A However,guantumadiabatic processes can do better than this!
A Exponentiahdiabaticity of Landadener transitions in scattering procs.
A Can elastic scattering @fixonsdo ballisticreversible computing?
A UseAsynchronous Ballistic Reversible Computiogel of computation

A ACI/ACSunded projectat Sandia:

A Review of progress to date: Lidt&rconnectsRM cell, testhip

A Project plan looking forwards:

A Continued technology development (more circuits / experimental tests)

¢ Also investigatingvhethertheoretical methodof superadiabaticity
shortcuts to adiabaticitySTA) might be appliad fluxon-basedsystems




4 ‘ Project Plan Outline (from Proposal)

A Three main technical thrusts:
A Theory, Modeling, Applications
A Pl¢ M. Frark
A Devices, Circuits & Simulation
A CoPIc R.Lews
A Fabrication, Measurement
A Key Personnel: N. Missert
A University subawards:
A Design Tools (FAMU/FSU)
A Matloob, Allen, Corces, Hardy

A FundamentaPhysic$Brown)
A K.Shukla w. J. Xu

A Circuit Analysis (Purdue)
A R.Biswas& D. Woods

A Oneyearbaseperiodandtwo
one-yearoption periods

Project Year

Thrust 1:
Theory, Modeling,
Applications &
Design Automation
(PI — M. Frank)

Thrust 2:
Device Physics,
Circuit Layout,
Simulation, &
Electrical Testing
(Co-PI1 —R.
Lewis)

Thrust 3:
Device Structures,
Fabrication
Process,
& Metrology
(N. Missert)

BASE PERIOD

Year 1: Initial
discovery /
exploration

Budget
request: $350K

Categorize 3-port
polarized ABRC
functional elements.
- Finish developing
SCIT (Superconduct-
ing Circuit Innova-
tion Tool).

Work w. collaborat-
ors on circuit model-
ing & reversible
physics.

Develop capability
to design, simulate
and test SFQ-based
circuits containing
multiple elements.
Work w. remote
collabs. on device
& circuit models

Develop
adaptations to
Sandia’s in-house
fabrication process
to minimize
dissipation in JJs
with Ta-N and AIN
barriers for initial
designs of ABRC
circuit elements

OPTION PERIOD 1

Year 2: Create novel
logic technology.

Budget
request: $400K

- Utilize SCIT to
create optimized
circuit designs for
selected functional
clements.

- Create optimized
logic architectures
based on simplified
primitives.

- Work w. collaborat-
ors to assess capacity
for superadiabaticity
to occur in SFQ-
based ABRC.

Layout and test
optimized func-
tional element de-
signs.

Begin measuring
energy efficiency
of designs.

Work w. remote
collaborators to
improve circuit
models based on
measurement re-
sults.

Incorporate AIN
barriers into JJs,
SQUIDs, and LJJs.
Supervise fabrica-
tion of first ABRC
test circuits.

Work with external
fabrication lines to
obtain circuits
incorporating AlOx
IJs if needed.

OPTION PERIOD 2

Year 3: Create novel
digital
architectures.

Budget
request: $400K

- Design and optimize
useful functional unit
designs using the
new logic elements
(e.g.. 4-bit adder).

- Work w. collaborat-
ors to identify ways
to amplify superadia-
batic scaling in more
advanced designs.

Layout and test op-
timized functional
unit designs (e.g.,
4-bit adder).

- Characterize
energy efficiency.
Continue working
w. collaborators to
further improve
circuit models.

Further improve

capacity, reliability

of updated in-house
fab process.

- Supervise fabrica-
tion of complete
ABRC demonstra-
tion chips.

- Consider next steps

for in-house fab

capability.




Dissipationdelay EfficiencyiidB @i

Laboratories

A A key motivating Figure of Merit (FOM) in the present study.

A For a singlg@rimitivetransition of the digital state of a system
between two distinct informational states, consider:
A Theenergy dissipatioi® incurred by that transition process.
A Relates to realorld costs associated with supply of energy and cooling.

A ThedelayQ, defined as the time interval from start to end of process.
A Relates to costs associated with achieving a given level of parallel performance

A Then define thalissipationdelay productt A 0 Ot'Q

A Note that sinceOrefers specifically to energissipation not to energy
investedin the signal, in reversible processes, mas subject to the
G lj dzI y O dzY &Q3%)3oer bound b2 ¢E.g.MargolusLevitin)
A Nofundamentallower bound toDdPis yet known!
¢ In fact, it would be identically zero for any perfeekiyown unitary timeevolution.
A Of even more general interest thdbdPper se is dissipatioas a function of
delay,O(QZ O2yaARSNBR 20SNJ I N}y3IS 2%
A2 SQR f A1 S pagto ffohtiérsf thiR functiorBwithin the useful range.
A Dissipationdelay efficiencyDdB of a given computing technology just
refers to the reciprocal dbdP, — (0O




ExistingDissipationDelay Relations@) .
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